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TECHNICAL FIELD 

5 A method for making semiconductor devices, and in particular 

semiconductor devices having improved conduction paths. 

BACKGROUND 

A substrate is a relatively flat and rigid structure that provides mechanical 

10 support for a die in an IC package and typically transmits signals and power to and 
from the IC. A conventional substrate often includes conductive leads that are 
connected to the die so that the die exchanges signals with other dice and/or circuits 
in the IC package in addition to other circuits that may be connected to the IC 
package. IC packages are often appHed to circuit board assemblies that are part of 

15 systems of interconnected IC packages which form electronic devices such as 
computers or cellular phones. 

One method of bonding a die to a substrate in an IC package is flip-chip 
bonding. One version of flip-chip bonding is known as the controlled collapse chip 
connection, or C4 method. The C4 method typically includes placing solder bumps 

20 on bonding pads that are exposed on the dice. The solder bumps are usually placed 
on the dice before the dice are separated from the wafer. Each die is then turned 
over (i.e., flipped) and aligned with a corresponding pattem of bonding pads or 
solder bumps on a substrate. A re flow procedure is carried out to join the 
bumps/pads on the substrate and die to form a series of solder columns between the 

25 die and the substrate. The solder columns ser\'e as conductive paths between the die 
and the substrate through which signals are transmitted and power is delivered. 

Substrates are typically mounted onto a board, such as a motherboard. One 
method of forming the interconnects between the substrate and the board is called 
ball grid array (BGA). In a BGA, an array of solder balls (larger than the C4 solder 

30 connection) is melted and formed on the substrate. The entire substrate is then 
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inverted onto the surface of the board to connect the BGA to the board by again 
melting the solder to form solder joints. 

The pads on most types of substrates are typically made of copper that is 
covered with a surface finish before solder is added to form the pads which are 
5 connected to a die. Electroless nickel and immersion gold are presently used as the 
surface finish for C4 and BGA pads in high density interconnect substrates. 

The electroless nickel provides a barrier that is critical in reducing electro- 
migration between the copper and the solder that form the pads. Electro-migration 
can cause reliability problems in pads, especially in high current applications where 
10 there may be unacceptable levels of electro-migration between the copper and 
solder. 

The immersion gold provides an oxidation barrier to the electroless nickel. 
The oxidation barrier is crucial because nickel oxide readily forms on electroless 
nickel and it is difficult to bond any material, especially solder, to thick nickel 
15 oxide. 

There are reliability concerns associated with using electroless nickel as a 
barrier because phosphorous ends up in the electroless nickel when the electroless 
nickel is applied to the copper pad. The phosphorous ends up in the electroless 
nickel that is formed on the pads because of the manner in which electroless nickel 

20 is appHed to the pad. 

An altemative to applying an electroless nickel and immersion gold surface 
finish on pads in high density interconnect (HDI) substrates is to apply direct 
immersion gold right onto the copper pads. A direct immersion gold surface finish 
provides enhanced toughness of the solder joint/pad interface. 

25 One drawback associated with using a direct immersion gold surface finish 

is that it does not include a barrier. Therefore, a direct immersion gold surface 
finish may not be reliable due to electro-migration, particularly in high-powered 
CPU applications which involve higher current and temperatures for extended 
periods of time. 
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HDI substrates typically utilize solder resists that are patterned to form 
openings over the pads and/or interconnects. The openings over the pads and/or 
interconnects are adapted to receive the solder that forms the finished pads which 
are attached the die. The solder resists need to be strongly bonded directly to the 
surface finish of the bonding pads so that a strong joint can be formed between the 
copper and the solder. Therefore, using direct immersion gold as surface finish for 
the pads causes another concern because it is extremely difficult for the solder resist 
material to be bonded directly to a gold surface. 

BRIEF DESCMPTION OF THE DRAWINGS 

FIGS. 1-5 illustrate a method of forming a substrate. 
FIGS. 6-10 illustrate another method of forming a substrate. 
FIGS. 11-19 illustrate another method of forming a substrate. 
FIGS. 20-25 illustrate a method of forming an integrated circuit. 
FIG. 26 is a block diagram illustrating an electronic system incorporating at 
least one integrated circuit assembly of the type shown in FIG. 25. 
In the FIGS., like reference numbers refer to like elements. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to the accompanying 
drawings that show some example embodiments. These embodiments are described 
in sufficient detail to enable those skilled in the art to practice the invention. Other 
embodiments may be used, and structural, logical, and electrical changes made, 
without departing firom the scope of the invention. 

FIGS. 1-5 illustrate a method of forming a substrate, such as a high density 
interconnect substrate for an integrated circuit, in accordance with various 
embodiments. As shown in FIG. 1, the method may include applying a resist 20 to 
a back side 16 of a substrate 10 that includes pattemed conductive layers 1 1 A, 1 IB 
on a fi-ont side 14 and the back side 16 of the substrate 10. In various embodiments, 
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conductive layers 1 1 A, 1 IB may be made of copper, and resist 20 may be an 
organic material, such as an epoxy/acrylic material. 

FIG. 2 illustrates that the method may further include removing part 12 (see 
FIG. 1) of the patterned conductive layer 1 1 A from the front side 14 of the substrate 
5 10 to form pads 22 and/or interconnects on the front side 14 of the substrate 10. The 
part 12 of the patterned conductive layer 11 A may be removed by various processes, 
including etching (e.g., wet etching). 

As shown in FIG. 3, the method may further include applying another resist 
24 to the front side 14 of the substrate 10 and forming a pattern in each resist 20, 24 
10 that exposes the pads 22 on the front side 14 of the substrate 10 and pads 26 on the 
back side 16 of the substrate 10. In various embodiments, resist 24 may be an 
organic material, such as epoxy/acrylic material. In addition, resist 24 may be 
pattemed by lithographic processes, such as photoUthographic processes. 

The method may further include applying electrolytic nickel 28 to the pads 
15 22, 26 on the substrate 10. Electrolytic nickel 28 may be apphed to pads 22, 26 on 
both sides 14, 16 of the substrate 10 because conductive layer 1 IB is in place on the 
back side 16 of the substrate 10 to form part of an electrical path between the pads 
22, 26. 

In various embodiments, applying electrolytic nickel 28 to the pads 22, 26 
20 on the substrate may include applying electrolytic nickel to some of the pads 22, 26 
on one or both sides 14, 16 of the substrate. Electrolytic nickel 28 is nickel that is 
applied to the pads 22 on the substrate 10 by various processes, such as by plating or 
applying current to the substrate 10 while the substrate is immersed in an electrolyte 
that includes nickel ions. 
25 FIG. 4 illustrates an example form of the method that further includes 

removing the resist 20 from the back side 16 of the substrate 10 and removing a part 
13 (see FIG. 3) of the conductive layer 1 IB from the back side 16 of the substrate 
10 to form the pads 26 and/or interconnects on the back side 16 of the substrate 10. 
The resist 20 and part 13 of the conductive layer 1 IB may be removed by various 
30 processes, such as wet etching. 
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As shown in FIG. 5, the method may further include applying a further resist 
30 to the back side 16 of the substrate 10 and forming a pattem in the resist 30 that 
exposes the pads 26 on the back side 16 of the substrate 10. In various 
embodiments, resist 30 may be an organic material, such as an organic 
5 epoxy/acrylic material In addition, resist 30 may be pattemed by Hthographic 
processes, such as photolithographic processes. 

The method may further include applying gold, such as electroless gold 32, 
to the electrolytic nickel 28 that may be on the pads 22, 26 which are within the 
pattem of one or both of the resists 24, 30 on the front and back sides 14, 16 of the 
10 substrate 10 (see FIG. 5). The gold 32 may be applied by conventional immersion 
processes. In various alternative embodiments, electrolytic gold may be applied to 
the electrolytic nickel 28 while all of the pads 22, 26 are still electrically connected 
(i.e., before the part 13 of the conductive layer 1 IB is removed from the back side 
16 of the substrate 10 to expose pads 26 as shown in FIG. 4). 
1 5 Applying gold to the electrolytic nickel provides an oxidation barrier that 

minimizes the amount of nickel oxide which forms on the electrolytic nickel. 
Minimizing the amount of nickel oxide may faciUtate the bonding of material, 
especially solder, to pads 22, 26 

The method may further include forming solder (not shown) on the pads 22, 
20 26 within the patterns of the resists 24, 30 on the front and back sides 14, 16 of the 
substrate 10. The solder may be formed on the pads 22, 26 using any conventional 
technique. 

The electrolytic nickel 28 on the pads 22, 26 may provide a barrier that 
facilitates the reduction of electro-migration which may occur between the copper 
25 and solder within the finished pads, especially in high current applications. The 
electrolytic nickel 28 may also compatible with the resists 24, 30 that are pattemed 
to form openings 33 (FIG. 5). The openings 33 may be adapted to receive the solder 
that may be necessary to finish pads 22, 26. 

FIGS. 6-10 illustrate another method of forming a substrate, such as a high 
30 density interconnect substrate for an integrated circuit, in accordance with various 
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embodiments. As shown in FIG. 6, the method may include applying a conductive 
layer 51, such as a copper layer, to one side 54B of a substrate 50 that includes pads 
62 and/or interconnects on both sides 54A, 54B of the substrate 50. 

FIG. 7 illustrates that the method may further include applying resists 60A, 
5 60B to both sides 54A, 54B of the substrate 50 and then forming a pattem in each 
resist 60A, 60B which exposes the pads 62 on both sides 54A, 54B of the substrate 
50. The method may also include applying electrolytic nickel 58 to some or all of 
the pads 62 on one or both sides 54A, 54B of the substrate 50. In various 
embodiments, gold may be applied to the electrolytic nickel 58 by various 
10 processes, such as plating, since the pads 62 may still be electrically connected in 
part by the conductive layer 5 1 . 

As shown in FIG. 8, the method may further include removing the resist 60B 
from the side 54B of the substrate 50 that includes the conductive layer 51. In 
addition, a part 53 (see FIG. 7) of the conductive layer 51 may be removed from the 
15 substrate 50 to define the pads 62 and/or interconnects that are on the side 54B of 
the substrate 50 which had included the conductive layer 5 1 . 

FIG. 9 illustrates that the method may further include applying another resist 
61 to the side 54B of the substrate 50 which had included the conductive layer 51. 
A pattem may then formed in the resist 61 to expose the pads 62 on the side 54B of 
20 the substrate 50 that had previously included the conductive layer 5 1 . 

The method may further include applying gold, such as electroless gold 72, 
to the electrolytic nickel 58 that may be on the pads 62 which are within the pattem 
of one or both of the resists 60A, 61 on the substrate 50 (see FIG. 10). In various 
embodiments, the method may include forming solder (not shown) on the pads 62 
25 within the patterns of the resists 60A, 61 on both sides 54A, 54B of the substrate 50. 

FIGS. 11-19 illustrate another method of forming a substrate, such as a high 
density interconnect substrate for an integrated circuit, in accordance with various 
embodiments. The method may include applying conductive layers lOlA, lOlB to 
a front side 104 and a back side 106 of a substrate 100 (FIG. 1 1). 
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As shown in FIG. 12, the method may further include applying a first resist 
1 1 1 to the firont side 104 of the substrate 100 and a second resist 1 12 to the back 
side 106 of the substrate 100. The method may further include forming patterns in 
the first resist 111 and the second resist 112, The method may flirther include 
5 applying conductive material to the conductive layers 101 A, lOlBto form pads 122 
within the pattern of the first and second resists 111,112. 

FIGS. 13 and 14 show that the method may fiirther include removing the 
first and second resists 111,112 fi^om the firont and back sides 104, 106 of the 
substrate 100 (FIG. 13), and applying a third resist 120 to the back side 106 of the 

10 substrate 100 (FIG. 14). As shown in FIG. 15, the method may fiirther include 
removing part 102 (see FIG. 14) of the conductive layer 101 A from the fi*ont side 
104 of the substrate 100 to define the pads 122 and/or interconnects on the fi-ont side 
104 of the substrate 100. 

FIG. 16 shows that the method may fiirther include applying a fourth resist 

15 130 to the fi-ont side 104 of the substrate 100. The method may fiirther include 
forming patterns in the third and fourth resists 120, 130 to expose the pads 122 on 
the front and back sides 104, 106 of the substrate 100. The method may fiirther 
include applying electrolytic nickel 138 to some, or all, of the pads 122 on the 
substrate 100. As discussed above, applying electrolytic nickel 138 to the pads 122 

20 on the substrate 100 may include applying current to the substrate 100 while the 
substrate 100 is immersed in an electrolyte that includes nickel ions. 

FIG. 17 illustrates that the method may fiuther include removing the third 
resist 120 from the back side 106 of the substrate 100 and removing a part 103 (see 
FIGS. 15 and 16) of the conductive layer lOlB from the back side 106 of the 

25 substrate 100 to form the pads 122 and/or interconnects on the back side 106 of the 
substrate 100. As shown in FIG. 18, the method may fiirther include applying a 
fifth resist 140 to the back side 106 of the substrate 100 and forming a pattern in the 
fifth resist 140 that exposes the pads 122 on the back side 106 of the substrate 100. 
FIG. 19 illustrates that the method may fiirther include applying gold 139, 

30 such as electroless gold, to the electrolytic nickel 138 that may be on the pads 122. 
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The gold 139 may be applied within the pattern of one, or both, of the fourth and 
fifth resists 130, 140 on the firont and/or back sides 104, 106 of the substrate 100. In 
various embodiments, gold 139 may be applied to the electrolytic nickel 138 by 
various processes, such as plating, while all of the pads 122 are still electrically 
5 connected by the conductive layer lOlB (see FIG. 16). The method may also 

include forming solder on the pads 122 that are within the pattems of the resists 130, 
140 on the fi-ont and/or back sides 104, 106 of the substrate 100, 

FIGS. 20-25 illustrate a method of forming an integrated circuit assembly 
200 (see FIG. 25) in accordance with various embodiments. As shown in FIG. 20, 

10 the method may include applying a resist 160 to a back side 156 of a substrate 150 
that includes patterned conductive layers 151 A, 15 IB with pads 162 formed on a 
fi-ont side 154 and a back side 156 of the substrate 150. FIG. 21 shows that the 
method may further include removing a part 152 (see FIG. 20) of the patterned 
conductive layer 151 A firom the front side 154 of the substrate 150 to further define 

15 the pads 162 and/or interconnects on the firont side 154 of the substrate 150. 

FIG. 22 shows that the method may further include applying another resist 
170 to the front side 154 of the substrate 150. The method may further include 
forming a pattern in each resist 160, 170 that exposes the pads 162 on the front and 
back sides 154, 156 of the substrate 150. The method may further include applying 

20 electrolytic nickel 168 to some or all of the pads 162 on one or both sides 154, 156 
of the substrate 150. 

As shown in FIG. 25, the method may further include forming solder 184 on 
the pads 162 and attaching at least one electronic component to the pads 162 on the 
front and/or back sides 154, 156 of the substrate 150. In the example illustrated in 

25 FIG. 25, a die 190 may be attached to the pads 162 on the front side 154 of the 

substrate 150 and a board 192 (e.g., a motherboard) may be attached to the pads 162 
on the back side 156 of the substrate 150. In various embodiments, at least one 
additional electronic component may be attached to the pads 162 on the front and/or 
back sides 154, 156 of the substrate 150 to form integrated circuit assembly 200. As 

30 examples, die 190 may be a processor or a wireless transceiver. 
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FIG. 23 illustrates that forming solder on the pads 162 may include 
removing the resist 160 from the back side 154 of the substrate 150. The method 
may further include removing a part 153 (see FIG. 22) of the conductive layer 15 IB 
from the back side 156 of the substrate 150 to further define the pads 162 and/or 
5 interconnects on the back side 156 of the substrate 150. As shown in FIG. 24, the 
method may also include applying a further resist 180 to the back side 154 of the 
substrate 150 and forming a pattern in the resist 180 that exposes the pads 162 on 
the back side 156 of the substrate 150. 

FIGS. 24 and 25 illustrate that the method may fiirther include applying gold 

10 182, such as electroless gold, to the electrolytic nickel 168 that is within the pattem 
of one, or both, of the resists 170, 180 before the solder 184 (FIG. 25) is formed on 
the pads 162. In various alternative embodiments, gold 182 may be applied to the 
electrolytic nickel 168 by various processes, such as plating, before the part 153 of 
the conductive layer 15 IB is removed from the substrate 150 (see FIG. 22). 

1 5 The example methods described herein may be used in forming high density 

interconnect substrates that include pads formed of copper and solder. The copper 
portions of the pads in the substrate are formed with an electrolytic nickel surface 
finish that provides a barrier which reduces electro-migration between the solder 
and the copper. The electrolytic nickel surface finish on the copper portion of the 

20 pads may also be compatible with the solder resists that are used to form openings 
which receive solder on top of the copper portion of the pads. 

FIG. 26 illustrates a block diagram of an electronic system 270, such as a 
computer system, that may include an electronic device 271 which may be coupled 
to various components in electronic system 270 via a system bus 272. Electronic 

25 device 271 may include at least one integrated circuit, such as integrated circuit 
assembly 200 shown in FIG. 25. Electronic device 271 may further include a 
microprocessor, a microcontroller, a graphics processor or a digital signal processor 
276, and/or a custom circuit or an application-specific integrated circuit, such as 
communications circuit 277 for use in wireless devices such as cellular telephones, 
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pagers, portable computers, two-way radios, and similar electronic systems. System 
bus 272 may be a single bus or any combination of busses. 

The electronic system 270 may also include an external memory 280 that in 
turn includes one or more memory elements suitable to the particular application, 
5 such as a main memory 282 in the form of random access memory (RAM), one or 
more hard drives 284, and/or one or more drives that handle removable media 286, 
such as floppy diskettes, compact disks (CDs) and digital video disks (DVDs). 

The electronic system 270 may also include a display device 288, a speaker 
289, and a controller 290, such as a keyboard, mouse, trackball, game controller, 
10 microphone, voice-recognition device, or any other device that inputs information 
into the electronic system 272. 

FIGS. 1-26 are merely representational and are not drawn to scale. Certain 
proportions thereof may be exaggerated, while others may be minimized. Many 
other embodiments will be apparent to those of skill in the art upon reviewing the 
1 5 above description. 

Many other embodiments will be apparent to those of skill in the art from the 
above description. The scope of the invention should be determined with reference 
to the appended claims along with the full scope of equivalents to which the claims 
are entitled. 
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